Vibrio parahaemolyticus densities in spiked and naturally contaminated seafood samples were enumerated by the MPN method combined with a PCR procedure (MPN-PCR method) targeting the species-specific thermolabile hemolysin gene (tlh), and by the MPN method using subcultivation of alkalineῌpeptoneῌwater (APW) enrichment culture on thiosulfateῌcitrateῌbileῌsucrose (TCBS) agar (MPN-TCBS method). In the samples spiked with both V. parahaemolyticus and V. alginolyticus, the numbers of V. parahaemolyticus enumerated by the MPN-PCR method were similar to, or higher than the numbers of spiked cells, whereas those enumerated by the MPN-TCBS method were below the numbers of spiked cells. In naturally contaminated seafood samples, the numbers of V. parahaemolyticus enumerated by the MPN-PCR method were higher than those by the MPN-TCBS method. In the case of the MPN-TCBS method, isolation of V. parahaemolyticus from some APW cultures was di$cult because of the overgrowth of many colonies other than V. parahaemolyticus (e.g., V. alginolyticus) on TCBS agar. In contrast, the PCR technique could detect tlh from APW culture without isolation of V. parahaemolyticus, so the possibility of failing to obtain a positive result in APW culture by the MPN-PCR method was considered to be lower than that by the MPN-TCBS method. Furthermore, utilization of the PCR technique reduces the time and labor required for the biochemical identification tests used in the MPN-TCBS method. For the detection and enumeration of V. parahaemolyticus in seafood, especially for samples that show many colonies other than V. parahaemolyticus on TCBS agar, the MPN-PCR method may be more convenient and reliable than the MPN-TCBS method.
Introduction
The MPN method, which involves an overnight enrichment in alkalineῌpeptoneῌwater (APW) followed by subcultivation on thiosulfateῌcitrateῌbileῌsucrose (TCBS) agar, is most frequently used to enumerate Vibrio parahaemolyticus densities in seafood. However, this method, defined as the MPN-TCBS method in this paper, requires time-consuming and laborious biochemical tests to identify the colonies grown on TCBS agar. Furthermore, V. alginolyticus, taxonomically similar to V. parahaemolyticus, can grow in APW and form full-grown colonies on TCBS agar 1) , 2) , and the number of V. alginolyticus in seafood is usually higher than that of V. parahaemolyticus 3) . In the MPN-TCBS method, therefore, V. parahaemolyticus colonies may be masked by V. alginolyticus colonies that have overgrown on TCBS agar.
Recently, a method combining the MPN and PCR procedures (MPN-PCR method), which utilizes the PCR technique for the detection of a specific gene of the target organism instead of isolation of the target organism, was used to enumerate the bacterial density in environmental and food samples 4)ῌ7) . Thermolabile hemolysin (TLH) is one of the hemolysins produced by V. parahaemolyticus, and the gene encoding TLH (tlh) was shown to be a species-specific gene of V. parahaemolyticus 8) . Therefore, the detection of tlh has been utilized for the identification of V. parahaemolyticus, and the PCR method for the detection of tlh provides sensitive and reliable results within several hours 9) . In the present study, we enumerated V. parahaemolyticus in seafood samples spiked with both V. parahaemolyticus and V. alginolyticus by the MPN-PCR method targeting tlh and by the MPN-TCBS method. We also enumerated V. parahaemolyticus in naturally contaminated seafood by the MPN-PCR method, and compared the results with those obtained by the MPN-TCBS method.
Materials and Methods

Samples
All seafood samples used in this study were purchased at retail markets in Shizuoka Prefecture, Japan. Three seafood samples (fish, shellfish and shrimp samples) for spiking and fifty seafood samples (15 fish, 16 shellfish and 19 shrimp samples) for the enumeration of naturally contaminating V. parahaemolyticus were obtained in the cold season (February) and in the warm season (from July to September), respectively. The absence of indigenous V. parahaemolyticus and V. alginolyticus in the seafood samples for spiking was confirmed by culturing in APW (Oxoid, Basingstoke, England) and TCBS agar (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan)
Preparation of spiked samples
The spiked strains, V. parahaemolyticus (Vp81210) and V. alginolyticus (Va02001), were isolated from the same shellfish sample in our laboratory, and stored in casitone medium (Eiken Chemical Co., Ltd., Tokyo, Japan). Each strain was incubated in Heart Infusion Broth (Difco Laboratories, Detroit, USA) containing 2῏ NaCl at 35῎ for 6 hr with shaking (120 rpm). A cell suspension of each strain in phosphate-bu#ered saline (PBS; Nissui) was prepared and the colony-forming units (CFU) of the cell suspension were determined by the spread plate technique on Tryptic Soy agar (Difco) containing 2῏ NaCl. An appropriate dilution of the cell suspension was added to the seafood samples. The spiked cell numbers of V. alginolyticus were about 100-fold higher than those of V. parahaemolyticus, because V. alginolyticus densities in naturally contaminated seafood were usually more than 100-fold higher than those of V. parahaemolyticus 3) .
Enumeration procedure
For the enumeration of V. parahaemolyticus in spiked and naturally contaminated seafood samples, the threetube MPN method was used. Fifty grams of a seafood sample was inoculated into 200 mL of APW and mixed using a stomacher for 30 sec. Then, the contents of the mixture were left to settle for a few minutes. Five milliliters of the mixture was added to each of three 95 mL volumes of APW. Each of 0.5 mL and 0.05 mL of the mixture, and 0.05 mL of a 10-fold serial dilution of the mixture was added to each of three 10 mL volumes of APW. Inoculated APW was incubated at 35῎ for 16ῌ 18 hr. 1) MPN-PCR method An APW culture sample (0.5 mL) collected from the upper part without mixing the culture media was transferred to a self-lock tube and centrifuged at 3,000ῌ῍ for 1 min. The precipitate was suspended in 50 mL of sterile distilled water and heated at 100῎ for 10 min. The suspension was centrifuged at 3,000ῌ῍ for 1 min and the supernatant was used as template DNA. The PCR assay for the detection of tlh was performed as described previously 9) with minor changes. Briefly, the PCR reaction mixture consisted of 2 mL of 10ῌPCR bu#er containing 20 mmol/L MgCl 2 (Ex Taq bu#er; Takara Biomedicals, Tokyo, Japan), 0.2 mmol/L of each deoxynucleotide triphosphate, 1 mmol/L of each primer (5῍-aaa gcg gat tat gca gaa gca ctg-3῍, 5῍-gct act ttc tag cat ttt ctc tgc-3῍), 0.5 units of Taq DNA polymerase, 2 mL of template DNA and sterile distilled water in a final volume of 20 mL. For the PCR amplification, the reaction mixture was cycled through the following temperature profile: initial denaturation at 94῎ for 3 min followed by 30 cycles of amplification, 94῎ for 1 min, 58῎ for 1 min and 72῎ for 1 min. Following the amplification cycles, a final extension was performed at 72῎ for 5 min. From the amplification results of PCR, the numbers of positive APW tubes were scored and the number of V. parahaemolyticus was calculated from the MPN  table. 2) MPN-TCBS method One loopful of each APW culture sample was subcultured on TCBS agar and incubated at 35῎ for 18ῌ24 hr. From each TCBS agar plate, three sucrose nonfermentative colonies, or all colonies if only one or two sucrose non-fermentative colonies had grown, were isolated and analyzed. The strains that showed the following characteristics were identified as V. parahaemolyticus: an alkaline top, an acidic bottom, and no H 2 S production in triple sugar iron agar, positive results in cytocrome oxidase, lysine decarboxylase, indole production, motility, and growth and no growth in peptone water containing 8῏ and 0῏ NaCl, respectively. Some isolates were identified using an identification kit (Bio test No. 1, Eiken). The APW tube, in which V. parahaemolyticus was isolated, was scored and the number of V. parahaemolyticus was calculated from the MPN table.
Results and Discussion
V. parahaemolyticus densities in spiked seafood
The numbers of spiked cells of V. parahaemolyticus and V. alginolyticus, and V. parahaemolyticus densities enumerated by the MPN-PCR and MPN-TCBS methods are shown in Table 1 . The numbers of V. parahaemolyticus enumerated by the MPN-PCR method were similar to, or higher than the numbers of spiked cells, whereas those enumerated by the MPN-TCBS method were below the numbers of spiked cells. For these spiked samples, the growth characteristics on TCBS agar and the results of isolation of V. parahaemolyticus by the MPN-TCBS method, and detection of tlh by the MPN-PCR method are shown in Table 2 . V. parahaemolyticus was not isolated by the MPN-TCBS method from some APW cultures that were positive for tlh by the MPN-PCR method. In the subcultivation of these isolationnegative APW, many V. alginolyticus colonies larger than the V. parahaemolyticus colonies had grown on almost all of the TCBS agar plates. Therefore, colonies of V. parahaemolyticus may have been covered by V. alginolyticus colonies that had grown on TCBS agar, and may not have been isolated.
V. parahaemolyticus densities in naturally contaminated seafood
The amounts of indigenous V. parahaemolyticus in seafood enumerated by the MPN-PCR and MPN-TCBS methods are shown in Fig. 1 . Sixteen samples were negative (below the detection limit; ῏30/100 g) for both methods. In six positive samples, the numbers of V. parahaemolyticus enumerated by the MPN-PCR method were the same as those by the MPN-TCBS method. In other samples (28 out of 50 samples), the numbers of V. parahaemolyticus enumerated by the MPN-PCR method were higher than those by the MPN-TCBS method. In the six samples, the numbers of V. parahaemolyticus enumerated by the MPN-PCR method were over the calculation limit (ῐ1.1῎10 5 /100 g), because all APW tubes were positive for tlh by the four dilution MPN method (Fig. 1) . For these samples, the scores and growth characteristics on TCBS agar by the MPN-TCBS method are shown in Table 3 . The MPN-TCBS method was complicated by the occurrence of fewer positive tubes at lower dilutions than at higher dilutions (No. 81209, 81210, 82610), or the same number of positive tubes for all dilutions (No. 72209). In one sample, all the APW tubes were negative for V. parahaemolyticus by the MPN-TCBS method (No. 72205). In sample No. 90910, one APW tube at 10 3 dilution and three tubes at 10 4 dilution were negative for V. parahaemolyticus isolation. In these samples, many sucrosefermentative colonies (mostly V. alginolyticus) grew on TCBS agar in the MPN-TCBS method. Representative APW tubes negative for V. parahaemolyticus isolation by the MPN-TCBS method were subcultured onto each Table 1 of 10 pieces of TCBS agar and incubated at 35ῐ for 18῎ 24 hr. Numerous sucrose fermentative colonies grew in all cases, and several sucrose non-fermentative colonies grew on some pieces of TCBS agar. Some of these sucrose non-fermentative colonies were identified as V. parahaemolyticus (data not shown). Therefore, these APW tubes were positive for viable V. parahaemolyticus cells, though V. parahaemolyticus could not be isolated by the MPN-TCBS method. Furthermore, sucrose nonfermentative colonies other than V. parahaemolyticus also grew on TCBS agar of APW enrichment cultures of some seafood samples (e.g., No. 81209). Therefore, it is necessary to pick up many sucrose non-fermentative colonies on TCBS agar for the isolation of V. parahaemolyticus; however, only up to three sucrose nonfermentative colonies for each TCBS agar plate were picked up for further analysis in the present study. This may be the reason why we were unable to isolate V. parahaemolyticus from some V. parahaemolyticuspositive APW enrichment cultures.
Alam et al. 7) compared the MPN-PCR method targeting the species-specific toxR gene with the MPN-TCBS method for the detection and enumeration of V. parahaemolyticus in sea water and organic samples, such as small plants and animals on rocks or other solid surfaces in coastal water. In their study, V. parahaemolyticus densities enumerated by the MPN-PCR method were higher than those by the MPN-TCBS method. Our results in the present study are in agreement with theirs. They examined 10 samples each of sea water and organic samples, but they did not apply the MPN-PCR method to food samples. Therefore, the applicability of the MPN-PCR method for the detection and enumeration of V. parahaemolyticus in food samples has not been clarified. Our results suggested that the MPN-PCR method rather than the MPN-TCBS method substantially reduces the possibility of failing to get positive results in APW cultures, because the PCR procedure could detect a species-specific gene of V. parahaemolyticus from APW cultures of seafood samples without the need for isolation of the organism. Therefore, the MPN- Table 2 The sample number is shown in the first line. MPN scores of each sample by the MPN-TCBS method are shown in parentheses.
PCR method targeting tlh was considered to be suitable for the detection and enumeration of V. parahaemolyticus in seafood.
Recently, a new selective agar medium, CHROMagar Vibrio (CV; CHROMagar Microbiology, Paris, France), has been utilized for the isolation of V. parahaemolyticus. CV agar contains substrates for beta-galactosidase and di#erentiates colonies of V. parahaemolyticus from other bacteria by the use of a chromogenic substrate. Hara-Kudo et al. reported that V. parahaemolyticus was isolated more frequently from naturally contaminated seafood samples using CV agar than TCBS agar 10), 11) . Therefore, the MPN method using CV agar instead of TCBS agar may provide higher numbers than the MPN-TCBS method for the enumeration of V. parahaemolyticus. In this study, however, CV agar was not tested and the e#ectiveness of the MPN method using CV agar was not clarified.
The MPN-TCBS method is widely used for the enumeration of V. parahaemolyticus, not only in ecological studies, but also in routine sanitation control in seafood. However, there is a possibility of failing to isolate V. parahaemolyticus from APW culture and of underestimating the V. parahaemolyticus density. For the detection and enumeration of V. parahaemolyticus in seafood, especially for samples that show many colonies other than V. parahaemolyticus (e.g., V. alginolyticus) on TCBS agar plates, the MPN-PCR method may be more convenient and reliable than the MPN-TCBS method.
